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ABSTRACT 


Part  I:  The  objective  of  Part  I  of  Project  39.3  vas  to  measure 
transient  air  temperatures  at  selected  locations  in  the  blast -biology 
undergroimd  shelter  in  Area  1  for  shot  Galileo,  Operation  Plumbbob.  The 
procedure  used  in  making  these  measurements  was  similar  to  those  tech¬ 
niques  used  by  the  Naval  Radiological  Defense  Laboratory  in  making  air- 
temperature  measurements  in  Operation  Teapot,  1955*  No  data  were  ob¬ 
tained  from  this  shot  owing  to  failure  of  one  recorder  at  zero  time. 

The  record  from  the  second  duplicate  recorder  and  sensing  devices  was 
lost  in  the  developing  process  because  of  failure  to  anticipate  an  over¬ 
exposure  of  the  film  to  the  high  prompt -gamma  emission  from  the  detona¬ 
tion;  also  it  is  possible  that  this  recorder  stopped  before  zero  time. 
Evaluation  of  the  equiiment  used  shows  that,  if  equipnent  is  modified  or 
redesigned  to  be  compatible  with  now  known  conditions,  measurements  of 
rapidly  changing  air  temperatures  can  be  made  at  distances  in  close  prox¬ 
imity  to  Ground  Zero. 

Part  II:  The  objective  of  Part  II  of  Project  39.3  was  to  evaluate 
thermal  bums  from  a  nuclear  explosion  on  biological  receivers  in  a 
shelter.  Eight  Chester  White  pigs  were  used  as  test  animals. 

One  pig  in  the  entrance  and  one  about  3  ft  inside  the  door  received 
severe  burns.  These  burns  were  carbonized  on  the  surface  and  caused 
transepidermal  damage  with  up  to  0.3  aim  penetration  into  the  dermis. 

Animals  away  from  the  entrance  and  those  in  the  slow  fill  side  re¬ 
ceived  no  bums.  The  possible  sources  of  this  damaging  thermal  energy 
are  discussed. 
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PREFACE 


On  past  tests  there  has  been  evidence  that  damaging  thermal  radia¬ 
tion  has  been  present  inside  shelters  exposed  to  nuclear  detonations. 

The  phenomena  of  its  occurrence  in  the  shelters  is  not  understood. 

At  the  Operation  Pliunbbob  Biomedical  Test  Planning  and  Screening 
Committee  meetings,  a  project  was  approved  to  measure  the  air  tempera¬ 
ture  within  a  shelter  in  which  several  potential  burn  receivers  (bio¬ 
logical)  vrould  be  exposed. 

The  Naval  Radiological  Defense  Laboratory  undertook  the  responsi¬ 
bility  for  Instrumenting  the  shelter  and  recording  the  measurements. 

The  University  of  Rochester  in  conjxxnction  with  the  Division  of  Biology 
and  Medicine,  AEG,  undertook  the  responsibility  for  providing  the  ani¬ 
mals  and  the  medical  personnel  necessary  for  the  biomedical  portion  of 
the  project. 

This  report  is  presented  in  two  parts.  Part  I  includes  the  instru¬ 
mentation  and  air -temperature  measurements;  Part  II  includes  the  place¬ 
ment  of  animals  and  evaluation  of  the  thermal  bums  received  by  them. 
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TIME -TEMPERATURE  HISTORY  OF  AIR  IR  THE  BLAST -BI OLOGY 
SHELTER  FOLLOWING  A  NUCLEAR  DETONATION 


Nfiv&l  Radiologies,!  DeTenso  Laborstiory 


Chapter  1 


INTRODUCTION 


Frcject  39.^  (Fiirt  l)  wsie  prcpoaod  ae  a  field  teat  to  determine  air 
tomi'«raturos  within  iU;  underground  shelter  In  the  vicinitv  of  a  nuclear 
detoivatlon.  On  one  shot  of  Operation  Teapot  m^insils  and  liarnesses  in  a 
similar  shelter  showed  evidence  of  bums.  This  project  was  initiated  in 
an  attQiT.pt  to  correlate  buinis  with  test  conditions. 


1.1  OBJECT 

The  principal  objective  was  to  obtain  air-tesnjvi'ature  data,  its 
temporal  history’,  and  the  variation  of  temporal  h.istorj’  at  selected  lo¬ 
cations  within  the  underground  blast -blologj’  shelter  in  the  vicinity  of 
a  nuclear  detonation  prior  to,  during,  and  after  shock  arrival.  These 
measurements  would  then  be  available  for  correlation  wltli  th.enmil  burns 
on  \'arlous  aninnils  located  within  the  shelter. 


1.2  B,\CKaROUND 

There  was  no  exact  oxplaniition  for  the  theim^il  burns  tluit  occurred 
on  tl’.e  animiils  during  Opieration  Teapvt.  One  theory  ii:dlcated  tluit  the 
animals  were  burned  by  reflected  thermal  radiation  released  at  the  time 
of  dotomtlon.  Another  tlieoo’  was  tluit  the  burns  migb.t  liave  been  due  to 
simple  exposure  in  ectreaiel^-  hot  air.  The  hot  air  could  be  caused  by  the 
adiabatic  compiresslon  of  air  at  constant  volume  as  a  consequence  of  the 
blast  ovor-pivssure.  The  geneiail  gas  l.aw,  I'/P^  =  T/To,  could  then  be 
used  to  pu'odict  tlio  temporatui'e,  T,  as  n  11111011011  of  tlie  pressure  iu 
oach  of  the  rooms  in  the  shelter.  Assuming  an  initial  tempwirature  (T^^^ 
of  and  an  initial  piressure  of  I5  psia,  an  overpiressuro  of  j''si 

would  give  a  transient  tenip'orature  of  SOi>''K. 

Pj’  establishing  the  time  relation  or  diffeiMiice  between  the  peak 
time  of  the  thoimal-radlation  pulse,  the  pieak  time  of  maximum  air  tem- 
pioraturo,  .and  tho  tine  of  arrival  of  the  shock  wave,  one  might  be  able 


\1 


FORME  IKY  RESTRICTEP'^ATA 

UHCLASSiriED 


if 


to  attribute  the  air -temperature  rlae  and/or  tbennal  burns  to  either 
reflected  direct  radiation  and/or  to  the  adiabatic  compression  of  the 
air  at  constant  volume. 
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Chapter  2 


PROCEDURE 


2.1  SHOT  PARTICIPATION 


Alr-temi)erature  measurements  were  made  in  the  blast -biology  shelter 
in  Yucca  Flat,  Area  1,  IO5O  ft  south  of  GZ  on  shot  Galileo. 


2.2  INSTRUMENTATION 


For  the  measurement  of  air  temperature, ^  a  hlgla-volocity  air  ther¬ 
mocouple  (HlVat)  was  used.  This  consisted  essentially  of  a  1-mll-dlame- 
ter  platinum -platinum  (90  per  cent)  rhodliun  (10  per  cent)  thermocouple 
mounted  on  two  brass  cylinders  (cold  Junctions)  attached  to,  but  elec¬ 
trically'  Insulated  from,  each  other  by  means  of  a  mica  disk.  The  ther¬ 
mocouple  Junction  was  placed  in  the  center  of  a  hole  drilled  through  the 
aals  of  the  brass  cold  Junctions.  When  air  was  aspirated  tlirougli  this 
hole,  the  thermocouple  was  exposed  to  the  lieated  air  flowing  past  the 
thermocouple  Junction.  In  order  to  insulate  the  brass  cylinders  from 
the  heated  air,  pyrex-glass  tubes  were  inserted  in  the  holes  of  each  cyl¬ 
inder,  and  the  air  was  drawn  tlirough  the  Insulating  tubes.  Compressed- 
air  aspirators  are  used  to  draw  air  tlirough  the  HiVat.  A  more  complete 
description  of  the  HlVat  can  be  foiuid  in  reference  1. 

Two  standard  Naval  Radiological  Defense  Laboratory  Mark  IV  radiome¬ 
ters  were  connected  to  the  Helland  oscillographic  recorders  in  an  effort 
to  establish  a  known  zero  time  and  to  determine  the  shape  and  peak  time 
of  maximum  Irradiance  of  the  thermal  emission  from  the  detonation. 

In  addition,  one  copper -constantan  thermocouple,  with  an  ice  bath 
as  a  reference  cold  Junction,  was  used  to  determine  the  ambient  tempera¬ 
ture  of  the  shelter  prior  to  shot  time.  Tills  temperature  will  allow  us 
to  correct  our  room-temperature  cold  Junctions  to  a  standard  reference 
temperature. 


Laboratory  calibratlone  have  shown  that  the  melting  point  of  gold 
(10630c)  can  bo  determined  to  within  about  2  per  cant  with  the  HlVat. 

It  has  also  been  determined  that  the  difference  between  the  temperature 
of  tlie  air  before  entering  the  HlVat  as  compared  with  that  measured  In 
the  HlVat  Is  relatively  small.  For  example,  over  a  1000°C  range  the 
cooling  was  1  to  4  per  cent,  this  being  practically  within  the  experi¬ 
mental  error. 1 

The  optimum  air  flow  rate  was  found  to  bo  between  0.6  and  1.0  cu 
ft/mln,  that  Is,  reproducible  results  are  obtained  for  flow  rates  within 
this  range.  For  the  purpoeee  of  this  experiment,  where  air  temperature 
Ifl  to  be  recorded  during  the  proosuro  bulld-up  period  as  well  as  prior 
to  arrival  of  the  shock  wave,  the  flow  of  air  was  adjusted  to  1  cu  ft/ 
min.  It  was  felt  that  during  the  pressure  bulld-up  phase  the  prime  mov¬ 
ing  air  flowing  through  the  aspirator  would  tend  to  reduce  In  velocity 
as  It  exhausted  Into  an  atmosphere  of  above  ambient  pressure.  As  the 
velocity  of  the  prime  moving  air  was  reduced,  the  flow  of  air  to  be 
measured  would  also  be  reduced.  If  the  flow  of  sampled  air  wore  reduced 
to  a  rate  of  less  than  0.6  cu  ft/mln,  the  accuracy  of  the  air  tempera¬ 
ture  would  be  reduced. 

Therefore,  the  prime  moving  air  delivery  system  was  adjusted  to 
provide  a  sample  air  flow  of  1.0  cu  ft/mln  with  a  prime  moving  air  pres¬ 
sure  of  100  pel.  To  simulate  the  flow  of  sampled  air  when  the  exhausted 
prime  moving  air  discharged  Into  an  atmosphere  25  psl  above  ambient  pres¬ 
sure,  the  air  delivery  pressure  was  reduced  from  a  normal  100  psl  to  75 
pel.  The  flow  of  sampled  air  was  reduced  but  only  to  a  value  of  0.7  cu 
ft/mln.  This  flow  rate  is  still  within  the  optimum  range  of  flow  for 
reproducible  results. ^ 

Since  the  field  operation  required  the  use  of  Holland  oscillographic 
recorders.  It  was  necessary  to  determine  the  change  In  sensitivity  of 
the  recorder  system  due  to  change  In  resistance  of  thermocouple  as  the 
temperatiare  of  the  latter  changes.  For  the  Input  circuits  used  with  the 
Hellp.nd  recorders.  It  has  been  determined  that  the  sensitivity  change 
from  ambient  temperature  to  lOOQOC  Is  about  6  or  7  per  cent. 

In  view  of  the  above  calibrations  and  corrections  to  be  applied  to 
the  temperature  measured  by  the  HlVat,  It  Is  safe  to  state  that  the  re¬ 
sults  should  thus  be  accurate  to  better  than  10  per  cent. 


2.3  INSTALLATION 


Twelve  high -velocity  air -temperature  measuring  instruments  (lllVats) 
wore  Installed  at  six  specified  locations  in  tlio  blast-biology  under¬ 
ground  shelter  at  a  height  of  4  ft  above  floor  level,  throe  stations 
being  located  In  each  of  two  rooms.  Each  station  was  equipped  with  two 
HlVats.  Data  from  each  HlVat  were  recorded  on  a  channel  of  a  Holland 
oscillographic  recorder.  The  recording  for  each  station  was  divided 
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botwooii  two  rooordoro  to  onuur®  agaiiiot  loou  of  data  uo  a  coauixiuoiico  of 
poaalblo  recorder  fivlluro. 


Figure  2.1  lu  a  ukotch  of  the  liiutruraont»itlon  la^-out.  TIjo  lautru- 
menta  wore  firmly  mounted  to  the  concrete  wallo  of  the  ahelter.  Inutru- 
ment  supports  were  made  of  rigid  2-ln.  conduit  and  2-ln.  plix5  fittings. 
Air  bottles,  recorders,  recorder  Junction  boxes,  batteries,  compronsod- 
alr-bottle  control  valves,  euid  electrical  control  boxes  were  all  loaxtod 
In  the  concrete  entrencliment  adjacent  to  the  main  blast-biology  shelter. 
This  e^iulpment  was  covered  by  plywood  and  throe  layers  of  sjuid  b<igs. 

The  compressed  air  supply  to  the  aspirators  was  fed  tlirough  Indi¬ 
vidual  j/8-ln.-OD  copper  tubing  to  each  of  the  stations,  as  shown  In  Fig. 
2.1.  At  the  top  of  each  station  Installation,  the  copper  tubing  branclied 
tluxiugh  a  toe  flttliig  and  then  supplied  each  of  tlie  two  aspirators  jHjr 
station.  Rubber  tubing  connected  the  suction  pipe  ftvim  tlio  aspirator  to 
the  niVat.  This  tubing  was  mechanically  protected  by  a  short  length  of 
flexible  l/2-ln.  electrical  conduit;  It  was  then  fed  directly  Inside  the 
2-ln.  rigid  conduit  used  to  support  the  IllVat  Instruments.  To  minimi r.o 
the  effect  of  magnetic  pick-up  due  to  oloctroraagnotic  omission  at  time 
of  detonation,  all  signal  pairs  of  wire  from  the  UlVstn  were  twisted, 
shielded  pairs,  and  they  were  run  Inside  tlio  2-ln.  rigid  conduit  tluat 
serviced  each  station  Installation. 

All  Instrumentation  was  set  to  bo  actuated  by  the  -'y  sec  IXlStG  tim¬ 
ing  signal.  The  EO&G  relay  triggered  holding  relays  In  the  Junction 
boxes  for  both  the  air-bottle  control  circuits  and  tl\e  Holland  recorder 
;v)wer  supply.  Those  holding  relays  energized  the  powv'r  circuits  for  a 
period  of  30  sec.  This  was  ample  time  to  brli\g  the  recorders  up  to 
oi>oed,  to  allow  the  prime  moving  air  system  to  stabilize,  and  to  allow 
25  sec  of  postshot  rooordli;g  time. 

At  1800  lire  on  D-2  day,  tJie  -5  sec  KC&O  slgiu\l  successllil  ly  trig¬ 
gered  the  alr-bottlo  control  circuitry.  At  I80O  hrs  on  0-1  dtiy ,  the 
Aill-ivwer  ili'y-run  was  successfully  completed  with  both  the  recorders 
ai\d  all  HI  Vats  oiHjratlng  proi^orly. 

Between  2200  lirs  on  D-1  liay  and  0100  lira  on  0  day,  instrumentation 
was  checked  out,  final  electrical  calibrations  were  recordovl,  and  the 
Instrument  shelter  was  cloned  (u\d  covered  with  niuid  bags. 
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RB5ULTS 


3 . 1  KKSULTS  FROM  KEOOKDEH  A 


At  approximiitelo'  R  +  3^?  lira  one  recorder  wao  recovered  from  the  In- 
oti'umont  slioltor.  The  aecoiul  recorder  wae  left  in  the  shelter  because 
of  the  high  level  of  residual  radiation  in  tlio  area  at  tills  time.  The 
Rad-Safe  monitor  would  not  permit  the  recovery  ptu*ty  to  remain  in  the 
active  area  miy  longer  tlian  6  or  7  min.  The  recorder,  with  film  Intact, 
was  brought  to  the  NRDL  processing  trailer  at  Indian  Springs  Air  Force 
Btise.  The  recorder,  with  switches  untouched,  was  connected  to  a  24 -volt 
battery.  The  recorder  immodlately  nui  and  appeared  to  bo  meclumlcally 
undamaged.  The  film  was  removed  and  processed  In  a  ratuuior  typical  of 
dovoloinent  for  all  other  mlcroflle  film  used  prior  to  this  event  in 
Operation  Tlurabbob. 

When  the  developed  film  was  examined,  it  was  obvious  that  the  film 
liad  been  ovoi'oxposed  to  an  irradiation  of  extremely  high  flux  density. 

The  contrast  ratio  between  the  record  trace  Image  fuid  the  film  background 
was  so  low  tlu\t  it  was  impossible  to  distinguish  one  from  the  other, 
ilubsoquent  calculations  indicated  tliat  the  film  lu\d  ixicolved  a  dosage  1^ 
times  that  which  controlled  exposures  in  tlie  laboratory  deemed  tolerable. 
Faint  inviges  of  proshot  calibrations  for  two  of  the  eight  cluaiuiels  of 
infomation  used  were  btn*oly  dlocernable,  but  no  otlier  usel'ul  ibita  could 
bo  read  from  this  record. 


3.2  RFi'ULTR  FRc^M  liKCOKDKR  R 


After  it  was  rocognli’.ovi  tluit  the  film  from  reconier  A  had  boon  ovor- 
oxjiosod  to  a  high  radiation  field,  the  film  from  recorder  B  was  ixsturnod 
to  the  NROJ,  for  special  developing  and  processing.  There  it  was  deter- 
mltiod  that  by  developing  sovoraJ  different  soctlons  of  the  film  for  jie- 
rlods  of  from  1  to  4  min  a  continuous  luid  I'oaibiblo  record  could  be  made. 
Tlie  film  was  develoiied,  and  all  chiuinols  of  inform.atlon  and  time  lines 
could  bo  roJidliy  distinguished  from  the  btxilly  foggovl  b.ackgrv'und. 
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However,  owiiig  to  an  uu  yet  unexplained  cause,  recorder  B  apparently 
stopped  Just  at  zero  time.  No  information  is  available  beyond  this 
point.  The  record  showed  all  preshot  calibrations  for  each  cliannol  of 
information.  There  la  indication  tiiat  the  recorder  started  with  tlie 
preshot  EG&G  signal  and  continued  to  run  Just  until  zero  time.  At  this 
ixjlnt  the  recorder  ceased  to  function  without  apptirent  reason. 

Glmllar  failures  of  the  recording  system  liave  liappened  at  previous 
times  in  other  operations  when  recording  stations  liave  been  close  to 
Q,Z.>^  These  failings  have  not  been  reproducible,  nor  have  they  boon 
predictable.  The  effect  of  shock  on  the  recorder  would  not  disturb  the 
deflection  of  the  trace  appreciably.  Failure  of  a  timing  signal  in  this 
case  seems  unlikely  since  the  air-bottle  circuitry  appeared  to  function 
satisfactorily.  In  the  past,  an  unsupported  theory  lias  been  presented 
tliat  possibly  the  electromagnetic  emission  at  the  time  of  detonation  dis¬ 
turbs  the  driving  magnetic  flux  of  the  recorder  motor.  Unlikely  as  this 
seems,  several  He  Hand  recorders  liave  failed  Just  at  zero  time  for  no 
apparent  reason. ^>2  no  satisfactory  explanation  can  be  offered  at  this 
time  for  the  failure  of  recorder  B. 

The  Helland  recorder  used  for  testing  a  similar  system  on  Turk 
shot.  Operation  Teapot,  gave  usable  data  througli  the  entire  thermal  jiulse 
and  long  after  shock  arrival.  The  recorder  was  located  nearer  a  nuclear 
detonation  of  larger  yield.  Tlie  only  difference  in  the  two  cases  was 
tlie  fact  tliat  the  Turk  sliot  recorder  was  located  in  a  deep  underground 
shelter  and  the  Galileo  shot  recorder  was  located  in  a  shallow  under¬ 
ground  slielter. 


3.3  PERFORMANCE  OF  THE  HIVATS 

On  D+3  day,  a  recovery  party  recovered  all  HlVats  from  the  blast- 
biology  shelter.  Postshot  photographs  were  taken  of  all  HlVat  instru¬ 
ment  stations.  Pliyslcal  examination  of  the  instruments  Indicated  tliat 
all  HiVats  functioned  in  the  proper  manner;  that  is,  all  pyrox-glass  in¬ 
take  nozzles  were  internally  coated  with  dust.  Many  of  the  thermocouple 
wires  had  wliat  appeared  to  be  a  fuzz,  or  possibly  minute  animal  lialra, 
adlierlng  to  the  wire.  This  Indicated  tliat  the  HiVats  were  definitely 
aspirating  air  tlirough  the  intake  nozzles  during  the  event. 

An  electrical  continuity  check  of  each  instruraont  indicated  that 
the  thermocouple  circuit  was  open  in  the  HiVats  at  the  following  sta¬ 
tions:  1-B,  2-B,  5“A,  and  6-A.  Location  of  those  stations  la  shown  in 
Fig.  2.1.  The  other  eight  Instruments  within  the  shelter  were  undamaged. 

The  failure  of  the  above  thermocouples  may  liave  been  due  to  ;virtl- 
cles  of  sand  impinging  on  the  1-mll-dlameter  wire  at  lilgli  velocity  (120 
ft/sec)  and  breaking  the  wire.  Possibly  the  intake  pyrox-glass  nozzle 
was  displaced  by  the  shock  wave,  severing  the  thermocouple  wire.  It 
seems  unlikely  that  the  thermocouple  wire  burned  out  since  thermocouples 
of  this  typo  liave  boon  successfully  used  to  measure  tomi'oraturos  as  high 
as  17600c. 
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VUSftED 


A  gunoral  obsiorvivtlou  c«ui  bo  nunie  from  tlio  npiioiLranco  of  o^jaljiuont 
within  tho  oholtor.  All  Inotruinontutlon  witliln  tlio  ix'ora  clonoot  to  tho 
blaat  WHO  Uonvlly  coated  with  duet.  Tlie  room  rarthoot  from  tlio  blaat, 
with  tho  aiioolall^  doalgnod  oocaiX3  hatch,  waa  loiui  duaty.  Thlo  may  bo 
an  Indication  that  tho  blaat  offoct  waa  not  aa  groat  In  ono  room  aa  In 
tho  other.  Alao,  tlio  appeanuico  of  duat  Inaldo  tho  lliVats  wv'uld  load 
one  to  auaixjct  tho  reliability  of  any  air-tomperaturo  raoaanromoiita  made 
after  tho  time  of  ahock  arrival.  Any  a^iurloua  cliangoa  in  tho  torai>oraturo 
rocorda  would  bo  difficult  to  diatlngulali  botwoon  true  aharp  cliangoa  In 
actual  air  tomporatui'o  and  aluirp  dofloctlon  cliangoa  duo  to  tho  thonno- 
couplea  being  atinick  by  hot  i»irtlcloa  of  aiuid  or  duat. 


3.4  FFYECT  OV  ^HOCK  ON  EQUirMEtfl' 

The  ovorpreaaure  within  tho  aholtor  did  not  appear  to  affect  tho 
Instrumentation  to  aixj’  groat  oxtont,  Onl^’  ono  inatrumont  station  ap¬ 
peared  to  bo  affected  only  aliglitly.  This  waa  Station  1,  located  in  tho 
moat  exposed  poaltlon  to  blast.  Tho  bottom  too  of  tho  Inatiauiieiit  mount 
liad  started  to  unscrow  when  it  waa  subjected  to  the  bliist  ovorproosuro. 
The  rotation  was  only  approximately  10  dog;  so  this  was  not  conaidorod 
detrlmontal. 


When  tho  recovery  jxu'ty  removed  the  sand  baga  fi-om  tho  recorder 
aoction  of  tho  ground-level  luoti*umont  shelter,  it  waa  found  tliat  sand 
luid  partially  fiUod  the  concrete  entrencliment .  i'osslbly  either  tho 
negative  pliaso  of  the  shock  wave  or  on  air-foil  action  of  the  positive 
plinse  liad  lifted  and  dropiped  the  plywood  base  and  sand  bags.  During  the 
interval  of  rising  and  Calling  intact  to  the  concrete  entrencliment,  a 
groat  deal  of  sand  had  been  allowed  to  enter  the  shelter.  This  made 
pliyslcal  removal  of  the  recorders  ipuito  difficult.  However,  subseQuent 
examination  of  the  recorders  and  Junction  boxes  revealed  tliat  no  ibimage 
liad  occurred.  As  waa  noted  earlier,  the  recorders  ran  properly  after 
removal  from  tho  shelter.  Also,  since  the  air  ay atom  waa  given  a  post¬ 
shot  field  check,  it  can  bo  said  tliat  tho  air  ayatom  still  iTuictloned. 
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Chapter  4 


CONCLUSIONS,  DISCUSSION,  AND  RECOMMENDATIONS 

- 1 - 1 -  , 

I 

4.1  CONCLUSIONS  I 

t 

Since  recordo  of  the  air  temperature  within  the  alielter  were  not  ^ 

obtained,  no  tlata  can  bo  preaented.  •  ^ 

Some  animals  received  burna.  The  cause  of  these  burns  Ima  not  been  ,  i 

established,  and  it  Is  regrettable  that  no  Information  relating  to  air-  i  ^ 

temperature  histories  can  be  presented.  Therefore,  at  this  time,  no 
factual  correlation  can  be  made  between  the  animal  burns  and  tlie  tran¬ 
sient  air  temperatures  within  the  shelter.  ' 

,  4 

4.2  DISCUSSION 

-  I 

The  use  of  HlVats  for  measuring  air  temi)eraturos  within  a  shelter 
for  the  period  shortly  after  detonation  of  a  nuclear  weapon  leaves  a 
great  deal  to  be  desired.  For  instance,  the  reliability  of  the  record¬ 
ing  system  is  not  very  high  (owing  to  an  unexplained  phenomeiui  tliat  liap- 
pens  at  zero  time,  causing  the  recorders  to  occasionally  cease  ojiorat- 
ing).  The  effect  of  the  shock  wave  as  it  passes  the  intake  nozzle  at 
approximately  sonic  velocities  is  a  phenomena  tluit  luis  not  been  fully 
studied.  Wtuit  actually  triuiopires  is  not  known.  Does  tlie  stunpled  air 
flow  decrease  or  increase  beyond  the  reproducible  limits  for  accuracy  in 
the  instrument?  The  effect  of  hot  particles  other  tlvui  air  striking  the 
thermocouple  can  also  ixcssibly  introduce  errors  in  the  evaluation  of 
data.  And  finally,  the  volume  of  air  tluit  is  measured  is  small  in  com¬ 
parison  to  room  volume.  Prior  to  shock  furrlval,  only  about  0.003  ou  ft 
of  air  is  measured  since  the  samplli;g  rate  is  1  cu  ft/mln.  This  siimplod 
volume  of  air,  when  compared  to  a  total  room  volume  of  over  1100  cu  ft, 
seems  to  bo  a  very  small  proportion.  It  liardly  seems  possible  tliat  the 
temperature  of  the  air  would  remain  uniform  without  tomixjraturo  gi*adlonts 
for  any  given  finite  instant.  Even  when  six  instruments  per  room  are 
used,  measurements  in  these  places  may  not  bo  a  true  indication  of  rep¬ 
resentative  air  tomi'ioraturea  in  the  rooms  of  the  shelter. 


20 


j 


4.J  KECi.WU!l\mT10N>S 


It  la  rocominondod  tluit,  if  HttemptB  to  moaauro  traiinlout  air  ttsn- 
peraturoa  in  cloao  proximity  to  02  /ira  made  again,  more  time  bo  allowed 
for  prei'iarat Ion  of  the  axporlmcuit.  Polnto  which  aliould  receive  more  at¬ 
tention  are  aa  followa: 

1.  A  more  adequate  aholtor  ahould  be  provided  to  protect  the  re¬ 
cording  ay atom. 

2.  If  alrailar  temiieraturo-oonalng  devlcoa  (HlVata)  are  to  bo  uaed, 
a  thorough  atudy  ahould  be  nuido  to  determine  operating  cluiracterlatlco 
under  ahock-wave  condltlona. 

.1.  Posnlbly'  (ui  entirely  new  alr-tomperature-aenalng  device  ahould 
bo  dealgnod  in  full  regard  of  all  anticipated  operating  condltlona. 

4.  Itivoatlgation  of  a  more  reliable  menna  of  recording  ahould  be 
Initiated. 

5.  A  moJina  ahould  bo  provided  to  enable  Invoatlgatora  to  aaraple  a 
larger  proportion  of  the  total  volume  of  air  under  obaervatlon. 

6.  Kadioraotora  or  even  photronlc  cella  could  be  Inatallod  Inalde 
the  aholter  to  moaaure  directly  the  reflected  thermal  nidlation,  If  any, 
within  the  ahelter. 

It  la  obvloua  tluit,  if  the  above  polnta  are  to  be  conaldered  and  if 
solutions  to  the  nuuiy  problems  are  to  be  developed,  a  great  deal  of  time 
and  effort  will  liave  to  be  spent  before  taking  euch  a  project  to  the 
field. 

It  la  recommended  that  atudlea  bo  conducted  relative  to  the  electro - 
nvignotlc  effects  oi\  o^juliinont,  eoiiecially  d-c  motors.  Sandia  Corjora- 
tlon  has  rao;u'.ured  extremely  higli  tranaient  electric  curronta.  Tlioao 
currents,  no  doubt,  are  accomivuiled  by  hlgli  nuignetlc  fields.  A  clear 
understanding  of  this  iiroblem  would  lead  to  a  solution  tluit  could  either 
eliminate  or  ralnlmlio  the  effect  on  recording  equljinont. 
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Chapter  5 


INTRODUCTION 


In  their  work  on  blast  biology,  investigators  from  the  Lovelace 
Foundation,  directed  by  Dr.  C.  S.  White, ^  found  that  animals  within  shel¬ 
ters  sustained  thermal  bunas.  These  animals  were  well  shielded  from  any 
direct  thermal  radiation  from  the  fireball  of  the  atomic  explosion.  This 
phenomena  was  puzzling  and  immediately  recalled  the  fact  that  some  Japa¬ 
nese  who  were  within  caves  beneath  the  prison  at  Nagasaki  sustained 
thermal  burns  despite  the  fact  that  they  could  not  have  been  exposed  to 
direct,  radiant  thermal  energy. 

There  has  been  much  discussion  of  the  mechanism  causing  thermal 
burns  within  shelters.  The  mechanism  has  a  direct  bearing  upon  the 
method  of  experimental  attack  on  the  problem;  therefore  it  is  worth  while 
to  list  the  various  factors  that  have  been  considered.  These  are  as  fol¬ 
lows: 

1.  The  precursor  wave  of  heated  air  may  be  driven  into  the  open¬ 
ings  of  the  shelter  by  the  shock  front.  It  is  significant  to  observe 
that  the  burns  are  always  most  severe  near  an  entrance  and  are  oriented 
toward  it.  In  burns  sustained  away  from  the  apertures,  the  animals  were 
in  a  position  to  receive  a  stream  of  air  from  the  entrance.  It  is  note¬ 
worthy  that  at  shot  Kepler  pressure  readings  showed  no  precursor  wave 
and  there  were  no  bums;  whereas  at  shot  Galileo  a  precursor  wave  was 
recorded  and  the  animals  within  a  shelter  were  burned.  This  may  be  co¬ 
incidence. 

2.  Another  source  of  hot  air  is  from  the  ignition  of  flammable  ma¬ 
terial  on  the  surface  of  the  ground  in  front  of  the  shelter  by  the  ther¬ 
mal  pulse.  This  hot  air  is  then  forced  into  the  shelter  by  the  blast 
wave.  This  effect  could  be  increased  by  the  heating  and  "pop-corning" 
of  the  soil  itself.  That  a  flammable  surface  may  raise  the  level  of  air 
temperature  is  suggested  by  the  measurements  of  Inn^  who  obtained  higher 
readings  beyond  plots  of  dried  leaves. 


3.  Molecular  axcitation  of  the  constituents  of  the  air  has  been 
suggested  as  a  source  of  the  thermal  ener^  causing  the  burns.  At  pres¬ 
ent  this  can  neither  be  proven  nor  denied. 

4.  Hot  dust  particles  that  are  blown  into  the  shelter  might  cause 
contact  burns  or,  because  of  their  heat  capacity,  might  transfer  thermal 
energy  to  the  surrounding  air.  Localized  contact  burns  from  large  par¬ 
ticles  liave  not  been  observed,  but  the  particle  size  is  ordinarily  small. 
If  a  layer  of  small  hot  dust  particles  caused  bums  by  contact,  evidence 
of  this  should  be  seen  in  the  form  of  a  thicker  cake  of  dust  on  singed 
hair  or  on  burned  bare  skin.  This  has  not  been  observed.  If  heating  of 
the  air  occurs  from  dust,  it  does  not  produce  a  generalized  hyperthermia 
because  the  effect  is  directional  in  the  path  of  the  greatest  air  move¬ 
ment. 

5.  The  "ram  effect"  of  the  shock  front  causing  compression  in  the 
confined  space  of  the  shelter  was  thought  of,  but,  from  the  pressure 
changes  that  have  been  observed,  it  was  considered  unlikely  end  was  dis¬ 
carded. 

6.  Reflection,  reradlatlon,  end  scattering  in  the  shelter  entryways 
of  the  radient  thermal  energy  from  the  fireball  is  a  possibility  that 
should  be  evaluated.  The  level  of  thermal  energy  outside  the  shelter  is 
high.  At  shot  Galileo  it  was  estimated  to  be  about  230  cal/cm^  at  the 
outside  entrance.  The  elevation  of  the  weapon  gives  a  line  of  sight  onto 
the  wall  at  the  first  landing  of  the  stairway  and  onto  the  rear  wall  of 
the  shaft.  If  only  such  a  small  fraction  as  5  cent  of  the  radiant 
thermal  pulse  were  directed  into  the  shelter  by  scattering,  it  would  be 
sufficient  to  cause  the  biu'ns  observed.  Proper  assessment  of  this  fac¬ 
tor  requires  calorimetric  measvtrement  of  the  radiant  thermal  energy  en¬ 
tering  the  shelter. 

7.  Evaluation  of  all  the  above  possibilities  of  thermal  energy 
getting  into  a  shelter  leads  to  the  conclusion  that  the  weight  of  evi¬ 
dence  favors  hot  air  as  the  most  probable  cause  of  the  bums. 
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rROCEDlIRE 


6.1  INSTRUMENTATION 


If  air-teiaixirature  moasuremoiits  could  be  correlated  with  pressure 
readings,  it  would  make  the  biological  effects  more  meaningful  since  it 
would  give  an  indication  of  the  time-tomiierature  history.  The  diffi¬ 
culty  was  to  secure  suitable  instruments  In  the  time  av!\ilnble.  Pre¬ 
viously  instnuaentatlon  for  alr-teraperature  measurements  of  the  tyj^e 
required  has  been  designed  by  E.  F.  Cox  of  the  Sandla  Corporation, 

Harold  Stev.’iirt  of  the  Naral  Research  Laboratory,  W.  L.  Fons  of  the 
California  Forest  and  Range  Experiment  Station,  and  by  E.  C.  Y.  Inn  of 
the  Naval  Radiological  Defense  Laboratory.  Only  tlmt  of  Iiui  was  opera¬ 
tional  ajid  available.  It  was  the  property  of  Armed  Fbrces  Special  Weap¬ 
ons  i'ro.lect,  who  consented  to  its  use.  Members  of  tlie  staff  of  NRDL 
agreed  to  Install  and  operate  this  equipment  in  a  shelter  prepared  for 
I'l'ogra:!’.  <0.  Their  results  are  given  in  Part  I  of  this  report. 

In  addition,  pieces  of  thermal -sensitive  papier  were  attached  to  the 
wall  of  the  shelter  in  conjunction  with  pilacisiient  of  the  pigs.  These 
showed  no  ctonge  in  color  from  liejit. 


6.2  BIOLOGICAL  STUDIES 


The  Chester  White  pig,  which  lias  a  skin  verj'  simllsu*  to  ttat  of 
imin,  is  the  most  sensitive  and  best  documented  biological  receiver  for 
thenaiil-burn  studies.  Thousiuids  of  controlled  laboratory  observations 
liave  been  iiuide  on  this  imimal;  thei*efore  the  avlorles  jier  square  centi¬ 
meter  roquli*od  to  produce  tuij'  given  degree  of  burn  severitj’  are  known, 
within  the  limits  of  accuracy'  Imposed  by  an  unknown  exposure  time.  It 
was  desired  that  the  Atomic  Energy  Project  of  the  University  of  Rochester 
provide  and  place  Chester  White  pigs  in  the  shelter  tliat  wt\s  Instrumented 
for  the  thermiil  measurements.  This  was  made  jxisslble  by  the  assistance 
and  cooiierat  ion  of  the  members  of  Program  33. 
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6.2.1  Aiiijnald  Used 


Yom'.g,  iiealtliy  Cheater  White  piga  welgliiiig  between  25  to  30  jK'unda 
were  procured,  inoculiitod,  and  shipped  from  Rochester,  N.  Y.  They  ar¬ 
rived  in  good  condition  without  evidence  of  sickness  from  shipping. 

On  D-1  day  the  liair  on  both  aides  of  their  bodies  was  removed  with 
electric  clippers  liavlng  a  No.  kO  head. 


6.2.2  Restraints  Used 


It  was  not  planned  to  anesthetlce  the  animals;  tliua  restraint  was 
needed  to  position  them.  This  was  of  two  types,  A  web  strap  liamess 
was  made  which  buckled  onto  the  animal.  To  this  was  attached  lengths 
of  light  clialn  that  were  fastened  to  the  structure  to  give  a  6-point 
suspension.  The  other  method  was  by  use  of  a  2-ft-long  cage  of  strong 
steel-wire  mesh  liaviiig  a  diamond-sliaped  aperture  of  about  1  in.  These 
had  heavy  supports  welded  to  them,  which  in  turn  were  bolted  to  the 
floor.  They  were  designed  and  fabricated  by  members  of  Program  33. 

6.2.3  Animal  Placement 

Figure  6.1  is  a  plan  of  the  shelter  showing  the  position  of  each 
animal  within  It.  The  walls  were  8  ft  high,  each  room  was  12  ft'  square, 
and  the  celling  was  5  below  grade.  A  steel  door  frtime  was  bedded 
into  the  concrete  at  the  bottom  of  the  steps,  but  no  door  was  vised.  An 
escape  sliivft  emerged  from  the  ceiling  of  the  Inner  room,  and,  since  its 
sectional  area  was  smaller  tlian  the  outside  door,  this  room  was  called 
the  "slow-flll"  side,  and  the  room  with  the  door  was  termed  the  "fast- 
fill"  side.  A  closed  steel  door  separated  the  two  rooms. 

Consideration  was  given  to  placing  an  animal  on  tlve  stair  landing 
at  the  position  marked  X,  but  It  appeared  tliat  the  line  of  siglit  from 
the  weapon  was  such  tliat  direct  thermal  radiation  would  he  received  here 
which  would  bo  greater  by  a  factor  of  20  than  tliat  necessary  to  produce 
a  severe,  carbonized  bum.  Clear Ij',  no  useful  information  could  have 
bean  obtained  from  sucli  an  exposure;  so  this  position  was  not  used. 

Animal  7  was  put  In  a  steel  mesh  cage  against  the  wall  of  the  land¬ 
ing  at  the  foot  of  the  steps  outside  the  door  frame.  It  was  realized 
that  this  animal  would  receive  severe  blast  effects  in  this  position, 
but  it  was  hoped  tliat  if  It  survived  this  a  useful  compiarison  would  bo 
obtained  with  the  animal  inside  the  door.  The  latter  pig,  No.  5>  w'as 
positioned  facing  the  open  door  in  a  wire  mesh  cage  placed  on  the  floor 
2  ft  from  the  door  frame.  Since  the  cage  was  2  ft  long,  the  hodj-  of  the 
animal  was  centered  about  3  ft  from  the  door.  Pigs  1  and  3  were  on  a 
table  In  tlie  center  of  the  room  which  was  I5  in.  above  the  floor. 
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aniinulB  were  on  the  floor.  Their  posltlona  were  Indicated  I 

exi)0rliuontt.  of  Pro- 

griun  33,  which,  of  course,  had  priority  In  this  tost. 
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Cliapter  7 


RESULTS 


On  recovery,  pig  7  was  found  dead.  It  had  suffered  tertiary  blast 
effects  sufficient  to  cr^sh  one  side  of  the  chest  wall.  It  is  difficult 
to  evaluate  burn  severity  by  inspection  of  a  dead  animal;  therefore  this 
animal  was  returned  to  the  laboratory  for  skin  biopsy  and  autopsy.  Sub¬ 
sequent  study  of  the  sections  of  skin  showed  complete  epidermal  damage 
with  0.1  mm  penetration  of  tlie  burn  into  the  dermis. 

Pig  5,  which  faced  the  door,  was  inactive  and  appeared  sliocked. 
There  were  severe  carbonized  burns  of  the  forehead,  face,  and  ears.  Be¬ 
cause  of  its  poor  condition  this  animal  was  taken  to  the  laboratory  for 
observation  in  a  separate  cage.  All  other  animals  appeared  to  be  in 
good  enough  condition  to  be  removed  to  the  pens.  It  is  notable,  liowever 
that  these  animals,  althougli  grossly  unharmed,  displayed  a  marked  and 
atypical  lassitude  which  persisted  at  least  througli  H  +  I5  lir.  They 
could  bo  approached,  touched,  and  even  picked  up  wltliout  making  efforts 
to  escape  or  vocal  complaint  which  is  usual  with  this  species.  By  H  + 

24  lir  this  lassitude  was  no  longer  noticeable. 

Bum  severity  can  best  be  Judged  at  the  end  of  the  first  24-lir  pe¬ 
riod  after  injury.  Animals  1,  3,  4,  6,  8,  and  9  were  each  examined  by 
two  observers.  There  were  no  serious  lesions.  A  few  animals  }iad  mild 
skin  irritation  of  the  flanks  from  the  liarness.  Pigs  3,  6,  and  9  liad 
questionable  areas  of  Ist-degree  burns  on  their  chest  wall.  Tliose  pigs 
wore  Isolated  and  reexjunlnod  by  tluroe  observers.  It  was  agreed  tliat 
aninuila  6  and  9  l>ad  no  burns.  There  was  a  quostlomble  area  of  erythiana 
about  1  in.  in  diameter  on  the  side  of  pig  3  which  could  liave  boon  from 
a  minimal  burn  or  mild  liarness  Irritation.  This  area  was  blopsied.  The 
microscopic  section  showed  no  bum. 

Pig  5  was  the  moot  interesting  of  all.  After  24  hr  it  was  still 
lotliargic  but  would  stand,  walk,  and  eat.  It  sliould  bo  roaillod  that 
this  fuilmal  was  positioned  to  face  tlie  door  and  was  about  3  ft  from  it. 
Severe  carbonized  burns  were  present  on  face,  foroliead,  and  the  tops  of 
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the  eaxs.  Less  severe  lesions  were  found  on  the  shoulders.  The  hair  of 
the  snout,  front  legs,  and  interscapular  region,  which  had  not  been 
clipped,  was  singed.  This  animal  is  shown  in  Fig.  7.1.  It  was  sacri¬ 
ficed  at  H  +  29  hr,  and  skin  biopsies  were  taken  from  the  forehead,  left 
ear,  and  left  shoulder.  At  autopsy  there  were  no  fractures,  nor  was 
there  Intracranial  Injuiy.  Moderately  severe  blast  damage  with  gross 
hemorrhage  was  found  in  the  lungs. 

It  is  interesting  to  observe  that  the  thermal  burns  of  this  animal 
were  on  surfaces  that  were  oriented  toward  the  doorway.  They  were 

"profile"  in  type,  and  whatever  caused  the  burn  came  directly  at  the 
animal  in  a  horizontal  direction  from  the  door.  The  rump  and  flanks 
were  uninjured;  thus  damaging  thermal  energy  did  not  angle  in  from  above 
or  from  the  side. 

Subsequent  study  of  the  microscopic  sections  on  pig  5  showed  severe, 
complete  epidermal  damage  with  penetration  of  the  burn  0.3  mm  into  the 
dermis  on  the  biopsy  taken  from  the  face.  Sections  from  the  ear  and 
shoulder  showed  burns  limited  to  the  epidermis. 


Chapter  8 


DISCUSSION 


None  of  the  3  plgs  in  the  slow-fill  side  were  burned,  not  even  the 
one  directly  beneath  the  escape  shaft.  The  walls  of  this  shaft  were 
painted  white,  but  it  had  a  perforated  metal  manhole  type  casting  at  its 
top  which  would  not  only  reduce  air  intake  but  also  partly  screen  the 
shaft  wall  from  radiant  thermal  energy.  The  negative  result  of  the  ex¬ 
periments  in  the  slow-fill  side  are  valuable  in  showing  circumstances  in 
which  thermal  burns  ^  not  occur.  Hence,  it  is  here  that  a  controlled 
experiment  could  best  be  carried  out  to  alter  the  rate  of  air  inflow  or 
the  amount  of  reflected  radiant  thermal  energy  in  order  to  evaluate  the 
role  of  each  in  the  etiology  of  these  bums. 

The  results  from  the  experiment  in  the  fast-fill  side  give  convinc¬ 
ing  proof  that  severe  thermal  burns  can  occur  in  shelters.  The  obser¬ 
vations  on  pig  which  was  just  within  the  door,  were  worth  our  entire 
effort.  Obviously  in  facing  the  doorway  this  animal  was  looking  at  the 
source  of  the  thermal  energy  that  caused  the  profile  burns.  The  big 
question  is  the  source  of  the  heat. 

This  question  demands  further  study.  Shelters  are  designed  to  give 
protection,  eind  it  is  evident  now  that  this  must  include  protection 
against  thermal  bums. 
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Cliapter  9 


SUMMARY  AM)  CONCLUSIONS 


1.  Eight  young  Clieater  White  pigs  were  placed  in  a  shelter  used  by 
Progriun  33  at  shot  Galileo.  These  animals  are  very  well  documented  re¬ 
ceivers  for  biological  evaluation  of  skin  burns. 

2.  TJiree  pigs  in  the  slow-fill  room  liad  no  discernable  burns. 

3.  Tlireo  pigs  away  from  the  door  of  the  fast-fill  side  were  not 
burned. 

4.  Two  pigs  were  severely  injured.  One,  which  was  about  3  ft  in¬ 
side  the  door  of  the  shelter ,  sustained  carbonized  burns  of  those  parts 
which  wore  oriented  toward  the  doorway.  Tlie  otlier  one,  which  was  on  the 
landing  at  the  foot  of  the  stairs  outside  the  door,  was  killed  by  blast 
injuries.  Biopsy  of  its  skin  showed  it  to  be  burned. 

5.  It  is  necessary  to  carry  out  further  experimentation  on  the 
cause  of  those  tliermal  bums  within  shelters  in  order  to  guard  against 
them. 
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Commandant,  Air  Force  School  of  Avlatloi  Medicine, 
Randolph  AFB,  Tex, 


156-161  Commander,  Wright  Air  Development  Center,  Wrlght- 
Pattereon  AFB,  Dayton,  0,  ATTN:  WCOSI 
162*163  Conmander,  Air  Force  Cf-uibrldge  Research  Center,  LG 
Hanscom  Field,  Bedfrrd,  Maes.  ATTN:  CRQST-2 
164-166  Coimaandar,  Air  Force  special  Weapons  Center,  Elz^land 
AFB,  N.  Mex.  ATT  Library 

167  Commander,  Lowry  Aro,  Denver,  Colo.  ATTN:  Department 
of  Special  Weapons  Training 
166  ConBoander,  1009th  Special  Weapons  Squadron,  Head¬ 
quarters,  USAF,  Washington  25,  D.C. 

169*170  RAND  Corporation,  1700  Main  Street,  Santa  Monica, 
Calif.  ATTN:  Nuclear  Energy  Division 

171  Commander,  Second  Air  Force,  Barksdale  AFB,  Louisiana. 

ATTN:  Operations  Analysis  Office 

172  CoBBaander,  Eighth  Air  Force,  Westover  AFB,  Mass.  ATTN; 

Operations  Analysis  office 

173  Commander,  Fifteenth  Air  Force,  March  AFB,  Calif. 

ATTN:  Operations  Analysis  Office 

174  Commander,  Western  Development  Dlv.  (ARDC),  PO  Box  262, 

Inglewood,  Calif.  ATTN:  WDSIT,  Mr.  R.  0.  Weltz 
175“179  Technical  Information  Service  Extension,  Oak  Ridge, 
Tenn.  (Surplus) 

OTHES  DEPARTMENT  OF  DEFENSE  ACTIVITIES 

160  Asst.  Secretaiy  of  Defence,  Research  and  Kigineerlng, 

d/d,  Washington  25,  D.C.  ATTN:  Tech.  Library 

161  U.S.  Documents  Officer,  Office  of  the  U.S.  National 

Military  Representative,  SHAPE,  APO  55»  Ne'^  York, 

N.Y. 

182  Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm 
2E1006,  Pentagon,  Washington  25,  D.C. 

163  Chalrmani  Armed  Services  Explosives  Safety  Board,  D/l>, 

Building  T*7,  Gravelly  Point,  Washington  25,  D.C« 

164  Commandant,  Armed  Forces  Staff  College,  Norfolk  11, 

Va.  ATTN:  Secretary 

165  Commander,  Field  Command,  Armed  Forces  Special 

Weapons  Project,  PO  Box  5100,  Albuquerque,  N.  Mex. 

XB6  Commander,  Field  Command,  Armed  Forces  Special 

Weapons  Project,  PO  Bcoc  5100,  Albuquerque,  N.  Mex. 
A'TOJ:  Technical  Training  Group 


ADDITIONAL  DISTRIBUTION 

277-260  Mr*  T.  E.  Hairte,  Director,  Security,  National  Bead- 
quarters,  Fedez«l  Civil  Defense  Adailnlstration, 
Battle  Cz^ek,  Michigan.  ATTN:  Nr.  E.  R.  SaundM*B 


167-168  CoBBflander,  Field  Command,  Armed  Forces  Special 

Weapons  Project,  P.O.  Box  5IOO,  Albuquerque,  N.  Mex. 
ATTN:  Deputy  Chief  of  Staff,  Weapons  Effects  Test 
169*193  Chief,  Armed  Forces  Special  Weapons  Project,  Washington 
25,  D.C.  ATTN;  Documents  Library  Branch 
194  Commanding  General,  Military  District  of  Washington, 

Room  1543^  Building  T-7,  Gravelly  Point,  Va. 

195''199  Technical  Information  Service  EIxtenslon,  Oak  Ridge,  Tenn. 
(Surplus) 

ATOMIC  ENEBOY  COMMISSION  ACTIVITIES 


200-202  U.S.  Atomic  Energy  Conmlssion,  Classified  Technical 

Library,  Washington  25,  D.C.  ATTN:  Mrs.  J,  M.  O'Leary 
(For  DMA) 

203-204  Los  Alamos  Scientific  Laboratory,  Report;  Library,  PO 
Box  1663,  Loe  Alamos,  N.  Mex.  ATTN:  Helen  Redm^ 

205-209  Sandla  Corporation,  Classified  Document  Division, 

Sandla  Base,  Albuquerque,  N.  Max.  ATTN:  H.  J, 

Smyth,  Jr. 

210-212  University  of  California  Radiation  Laboratoiyr,  PO  Box 
000,  Livermore,  Calif,  ATTN:  Clovis  0.  Craig 
213  U.S.  Atomic  Energy  Ctmnmisslon,  Classified  Technical 

Library,  Washington  25,  D.C.  ATTN:  Mrs.  J.  M.  O’Leary 
(For  R.  L,  Corsble,  CETO) 

214-216  U.S.  Atomic  Energy  Ccmmlsalon,  Classified  Technical 

Library,  Washington  25,  D.C,  ATTN:  Mrs.  J.  M.  O'Leary 
(For  IBM) 

219  Weapon  Data  Section,  Technical  Information  Service  Ex¬ 
tension,  Oak  Ridge,  Tenn. 

220-276  Technical  Information  Service  Extension,  Oak  Ridge,  Term 
(Surplus) 


